Definitions
Water year: In U.S. Geological Survey reports dealing with surface-water supply, water year is the 12month period, October 1 through September 30. The water year is designated by the calender year in which it ends and which includes 9 of the 12 months. Thus the year ending September 30, 1998, is called the "1998 water year." CDA-Contributing-drainage area G g -Generalized skewness coefficient G s -Station skewness coefficient GLS-Generalized least squares IACWD-Interagency Advisory Committee on Water Data Lat-Latitude Lng-Longitude P-Mean annual precipitation RMSE-Root-mean-square error S-Soil permeability Sl-Main channel slope STATSGO-State soil geographic data base WLS-Weighted least squares
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Abstract
Peak streamflows were estimated at selected recurrence intervals (frequencies) ranging from 2 to 200 years using log-Pearson Type III distribu tions for 253 streamflow-gaging stations in Kan sas. The annual peak-streamflow data, through the 1997 water year, were from streamflow gaging stations with unregulated flow in mostly rural basins. A weighted least-squares regression model was used to generalize the coefficients of station skewness. The resulting generalized skewness equation provides more reliable esti mates than the previously developed equation for Kansas.
A generalized least-squares regression model then was used to develop equations for estimating peak streamflows for sites without stream gages for selected frequencies from selected physical and climatic basin characteristics for sites without stream gages. The equations can be used to esti mate peak streamflows for selected frequencies using contributing-drainage area, mean annual precipitation, soil permeability, and slope of the main channel for ungaged sites in Kansas with a contributing-drainage area greater than 0.17 and less than 9,100 square miles. The errors of predic tion for the generalized least-squares-generated equations range from 31 to 62 percent.
INTRODUCTION
There is a continuing need for peak-streamflow information on Kansas streams. Information concerning frequency of peak streamflows in rural areas is vital to the safe and economic design of trans portation drainage structures, such as bridges and cul verts, and flood-control structures, such as dams, levees, and floodways. Effective flood-plain manage ment programs and flood-insurance rates also are based on the analysis of peak-streamflow frequency.
A study of peak-streamflow frequencies was con ducted by the U.S. Geological Survey in cooperation with the Kansas Department of Transportation. Much of the data used in this study, especially for many of the partial-record streamflow-gaging stations located on small streams, were collected by the U.S. Geologi cal Survey (Putnam and others, 1998) as part of a cooperative program initiated with the Kansas Depart ment of Transportation in 1956.
Purpose and Scope
The purpose of this report is to present results from an analysis of peak-streamflow frequencies for unregulated, mostly rural streams at streamflow gaging stations with 10 or more years of record, and to present equations for determining peak-streamflow frequencies at ungaged sites in Kansas. This report includes data through the 1997 water year and super sedes previous U.S. Geological Survey reports that provide flood-frequency results and (or) techniques for Kansas streams.
The scope of the analyses included (1) determina tion of peak-streamflow frequencies for 253 streamflow-gaging stations in Kansas ( fig. 1 ) using log-Pearson Type III techniques; (2) derivation of an equa tion to estimate the generalized skewness coefficients of the distribution of peak flows for each station, and (3) development of equations for relating the gaged, peak streamflow to respective physical and climatic characteristics and for estimating peak streamflows for selected recurrence intervals (frequencies) at ungaged, unregulated, mostly rural stream sites.
Previous Studies
Since 1960, seven studies have investigated vari ous generalization techniques for estimating peak streamflow frequencies for Kansas streams. Studies by Ellis and Edelen (1960) , Irza (1966) , Jordan and Irza (1975) , and Clement (1987) analyzed peak-streamflow frequencies by using the available data and techniques to develop regression equations to estimate peak streamflows. Both Patterson (1964) and Matthai (1968) used the index-flood method, and Hedman and others (1974 used an active-channel-width concept to estimate the peak streamflow for selected recurrence intervals.
The generalization technique presented in this report incorporates the most recent analytical methods for estimating peak-streamflow frequency and is con sidered more reliable than those techniques previously reported for use with unregulated, rural streams in Kansas.
FACTORS AFFECTING OCCURRENCE OF FLOODS
Flooding on small streams in Kansas is generally the result of very intense thunderstorms that affect almost all of the watershed and produce rainfall rates that exceed soil-infiltration rates. Within large watersheds, flooding generally is the result of prolonged rainfall that affects a major part of the total drainage basin. The prolonged rainfall eventually saturates the soil to the point that only a small part of the subse quent rainfall can infiltrate the soil. Physical constric tions in the stream channels, such as bridges or culverts, logs or ice jams, or backwater from high flows in other interconnected channels, can increase the depth of flooding. Kansas streams rarely experience flooding that results from snowmelt or dam failures.
Physical Characteristics
Physical characteristics within the respective watersheds have a pronounced effect on the nature of flooding. Watersheds with various basin and channel slopes, shapes, and drainage patterns have varying effects on the potential for flooding. For example, steep slopes tend to allow excess rainfall to move more rapidly away from the headwater areas but allow more rapid accumulation at downstream locations where flood conditions occur. Varying watershed shapes also cause different responses to excess rainfall. Long, nar row watersheds generally are less affected by small, isolated storms because usually only a part of the watershed receives intense rainfall. On the other hand, compact-shaped watersheds have a greater chance to be affected entirely by storms of comparable size, and the dendritic (tree-like) stream pattern facilitates more rapid concentration of runoff at or near the watershed's outlet; this increases the likelihood of downstream flooding.
Other physical characteristics affecting the flood potential of watersheds are the types of soils and landuse and treatment practices within the watershed. For example, the flood potential from watersheds with soils of low permeability (fig. 2) is greater than that from watersheds where highly permeable soils tend to allow greater infiltration and less runoff. Land-treat ment practices, such as contour farming and construc tion of water-retention structures, can reduce the amount of rapid runoff to a stream system and thus reduce stream peaks.
Physiographically, Kansas is located almost entirely within the Interior Plains as described by Schoewe (1949) . The hydrologic characteristics of the physiographic provinces within the Interior Plains are beyond the scope of this report, but the fact that there are significant variations denotes the complex nature of and difficulty in attempting to define floodfrequency relations across the State. Generally, it has been accepted that the nature of flooding follows one of two patterns-one typical of the eastern one-third of the State and one typical of the western two-thirds. The arbitrary dividing line passes through Wichita and west of Junction City (locations shown in fig. 2 ). Crippen and Bue (1977) 
Climatic Characteristics
The climate of Kansas is affected by the move ment of frontal air masses over the open, inland plains, and seasonal precipitation extremes are common. About 70 percent of the mean annual precipitation falls from April through September. Precipitation dur ing early spring and late fall occurs in association with frontal air masses that produce low-intensity rainfall of regional coverage. During the summer months, the weather is dominated by warm, moist air from the Gulf of Mexico or by hot, dry air from the Southwest. Summer precipitation generally occurs as high inten sity thunderstorms.
Watersheds in Kansas exhibit a wide range of cli matic characteristics that affect peak-streamflow frequency. Generally, the climatic characteristics vary in an east-west direction, with little north-south varia tion. The general climate of the western part of Kansas is semiarid with hot, dry summer months and cold, windy winter months. The eastern part of the State tends to be considerably more humid, with sultry summer months and cold winter months. Mean annual precipitation in the State varies from about 16 in. in the extreme western part to about 42 in. in the southeast (Daly and others, 1997) ( fig. 3 ).
OCCURRENCE OF EXTREME FLOODS
Moderate flooding is an annual occurrence in Kan sas; however, the State has experienced several extreme floods. Notably, the floods of 1951 in river basins of eastern and north-central Kansas were the result of a large storm system. Likewise, the floods that occurred on the Elk River during 1976 were extreme. The Great Bend area experienced extreme flooding during June 1981 when an isolated but very intense storm system produced up to 20 in. of rain dur ing a 12-hour period (Clement and Johnson, 1982) . Several storm systems during the summer of 1993 caused flooding in the Saline and Solomon River Basins of central Kansas ( fig. 1 ) and all of the river basins in northeast and east-central Kansas. In 1995, intense storms caused widespread flooding in the eastern two-thirds of Kansas.
These are but a few of many floods that have been experienced on Kansas streams that are among the largest of floods recorded. The maximum observed discharges in relation to the respective contributingdrainage areas for the largest observed floods in Kan sas are listed in table 1. The relation between maximum discharge and contributing-drainage area for the data presented in table 1 are depicted graphically in figure 4. Envelope curves have been drawn through the highest points for both eastern and western Kansas. No recurrence interval can be assigned to the curves although they represent peak discharges generally sev eral times greater than those having 100-year recurrence intervals.
ESTIMATION OF PEAK-STREAMFLOW FREQUENCIES AT GAGING STATIONS ON UNREGULATED, RURAL STREAMS
Techniques from Bulletin 17B of the Interagency Advisory Committee on Water Data (1981) for esti mating peak-streamflow frequency were used with annual maximum peak-streamflow data from 253 streamflow-gaging stations with 10 or more years of unregulated, rural peak-streamflow record. Unregulated, rural peak-streamflow record is defined as less than 10 percent of the basin is regulated by a dam or is impervious. The drainage areas for these stations ranged from 0.17 to 9,100 mi 2 and extend into parts of Nebraska, Colorado, New Mexico, or Okla homa for some stations. A summary of drainage-area distribution and average observed length of record per station for those stations used in the analysis is given in table 2. Peak streamflows for 2-, 5-, 10-, 25-, 50-, 100-, and 200-year recurrence intervals were calculated.
Log-Pearson Type III Techniques
In 1966, under the authority of House Document 465 (1966), the Interagency Advisory Committee on Water Data (IACWD) investigated various techniques for the analysis of peak-streamflow frequency and in 1967 recommended that the log-Pearson Type III frequency distribution be adopted as the standard tech nique to be used in Federal practice (U.S. Water Resources Council, 1967) . Subsequently, the U.S. Water Resources Council conducted additional studies that resulted in improvements to the initial log-Pearson Type III technique. The improvements were reported in Bulletin 17B (Interagency Advisory Committee on Water Data, 1981).
The log-Pearson Type III technique transforms the arithmetic values of peak discharges to log values, then three statistics of the log values (mean, standard deviation, and skewness) are computed by the method of moments. The skewness coefficient is adjusted by weighting the computed station skewness with a gen eralized skew coefficient.
The reliability of the estimated peak-streamflow frequency is dependent on the assumption that the dis tribution to which the data are fit is correct and that the data are accurate and drawn from a representative sample of random and independent events. The length of the period used to compute the estimates of peak streamflow frequencies and the variability of the data 0.17 to less than 1 13 30.2 1 to less than 3 17 28.8 3 to less than 10 28 31.5 10 to less than 30 33 25.1 30 to less than 100 37 25.2 100 to less than 300 37 33.8 300 to less than 1,000 45 34.2 1,000 to less than 31 36.4 3,000 3,000 to 9,100 14 35.9
are the principal measures of the reliability. Generally, the longer the record the more reliable the estimates become because the size of the sampling error is pro portional to the inverse of the square root of the length of the record.
Historical Peak Discharges and Outlier Thresholds
Many of the records of annual peak discharges at streamflow-gaging stations used in this study con tained additional information relating to peak dis charges that occurred before, during, or after the period of systematic record collection and represented maximum occurrences during an extended period. For example, it may be known that the maximum peak dis charge recorded during the systematic record collec tion was the largest since a point in time before the beginning or after the ending of the recorded period. Likewise, a peak discharge that occurred outside of the period of systematic record may be known to be larger than any peak discharge that occurred during that period. This "historical data" can be used to make adjustments to the original distribution of the data by assigning a historical period of record that is longer than the systematic period, resulting in adjusted recur rence intervals of the annual maximum peak discharges.
Many drainage areas in Kansas, primarily western Kansas, have physical and climatic characteristics that can yield small annual peak streamflows. These small annual peak streamflows are considered low outliers if they are less than a certain threshold. The outlier thresholds identify data points that depart significantly from the trend of the remaining data, are defined by the IACWD (1981), and are accounted for in the anal ysis. In some situations, usually where there is more than one low outlier, the threshold appears too low. A visual inspection of the log-Pearson Type III distribu tion curve allows the analyst to observe the low-outlier threshold relative to the peak-discharge data set and adjust as deemed appropriate. Low-outlier thresholds were increased for 25 stations in Kansas to improve the fit of the data to the log-Pearson Type III distribu tion. Higher outliers were computed using the IACWD (1981) method.
Skew Coefficient
The IACWD (1981) recommends that the skew ness coefficient computed from station records be weighted with a generalized skewness coefficient to reduce the bias caused primarily by records having rel atively short lengths. The default method entails esti mating the generalized skewness coefficient from a map showing lines of equal skewness for the entire United States (Interagency Advisory Committee on Water Data, 1981). The map showing generalized skewness coefficients of logarithms of annual peak streamflows is based on the skewness coefficients computed from station records collected through 1973 at 2,972 streamflow-gaging stations nationwide having 25 or more years of unregulated record and drainage areas less than 3,000 mi 2 . The root-mean-square error (RMSE) between the isolines on the map and the sta tion data for the entire country is 0.55.
Although using the IACWD (1981) map of gener alized skewness probably improves most peak-streamflow frequency computations, the spatial position of the lines of equal skewness is subjective. The IACWD (1981) recommends that skewness coefficients be regionalized by one of three techniques-(1) averaging the station skewness coefficients within a specific area, (2) developing a local skewness map, or (3) relating the coefficients to predictor variables, such as physical and climatic characteristics of the drainage basins.
The greatest problem encountered when estimat ing the value of the skewness coefficient is the large error in results that are computed from short-term gag ing-station records. A weighted least-squares (WLS) regression model was developed by Tasker and Ste dinger (1986) to solve this problem. This WLS model weights the error variances on the basis of the length of the data record and variability in the data. The WLS model is well adapted for analysis of hydrologic data having variable accuracy because of the ability to sep arate the error of prediction into the sampling error and model error and to treat each error separately on the basis of length of the peak-streamflow record at the gaging station. The sampling error is a function of the length of the record and the degree of deviation from the average predictor variables. The model error, in this case, is the error associated with the formulation of the model. The error that can be expected when using the regression equation is the error of prediction, which includes both the sampling and model errors.
The WLS regression model weights each unbiased estimate of skewness on the basis of the length of the record of annual peak discharges. The technique relates the station skewness coefficient determined from the log-Pearson Type III distribution to one or more physical or climatic characteristics of the respec tive drainage basins. The result of the computations yields the coefficients and constants of a regression equation, as well as their significance to the equation. The resulting equation can be used to estimate the gen eralized skewness coefficient.
The WLS regression model in this report used sta tion skewness computed from 253 streamflow-gaging station records in Kansas as the dependent variable and several physical and climatic characteristics for each station as independent (predictor) variables. A summary of the results, including description and dimensions of the various physical and climatic char acteristics for each gaging station used in the analysis, is provided in table 5 (at the end of this report).
The computation of the generalized skewness coefficient was limited to those stations having drainage areas no larger than 9,100 mi 2 . The length of record for all stations was 11 or more years, and the value of station skewness ranged from -1.76 to 1.99. Contributing drainage area (CDA), latitude (Lat), and longitude (Lng) were the independent variables that yielded the best equation on the basis of the magnitude of the RMSE.
The equation used for estimating the generalized skewness coefficient at streamflow-gaging stations in Kansas is:
where G g = generalized skewness coefficient for the selected gaging station to be used in lieu of the IACWD Bulletin 17B map of generalized skewness (Interagency Advisory Committee on Water Data, 1981); CDA = contributing-drainage area, in square miles; Lat = latitude of the gaging station, in deci mal degrees; and Lng = longitude of the gaging station, in dec imal degrees. A weighted skewness coefficient used to compute the frequency of peak streamflows was the result of weighting estimates of the station skewness coefficient (G s ) and generalized skewness coefficient (G g ), where the weights were estimates as recommended in IACWD Bulletin 17B (1981, p. 12-13) . In this case, the RMSE associated with the generalized skewness coefficient (G g ) is the error of prediction of the esti mating equation. The RMSE is 0.19 for equation 1, whereas it is 0.35 in the most recent previously pub lished peak-streamflow report for Kansas (Clement, 1987) . Increased record length is most likely the rea son the RMSE has improved.
Peak-Streamflow Frequencies at Gaging Stations
Using the unregulated annual peak streamflows recorded for 253 streamflow-gaging stations with lengths of record equal to or greater than 10 years, log-Pearson Type III distributions were fitted to the peak streamflow data for each site. Adjustments then were made to account for data that represented low or high outliers and for historical data where necessary. Final estimates of peak-streamflow frequencies (table 5) were computed using the generalized skewness coeffi cients (G g ) obtained for each station using equation 1 and weighted with the station skewness coefficient (G s ) as recommended in IACWD Bulletin 17B (1981) .
A study by Perry and Rasmussen (in press) points out that the effects of streamflow trends are not accounted for using the peak-streamflow frequency techniques in Bulletin 17B. Further investigation may be required to fully understand the effects of trends on peak streamflow and how to adjust the peak-streamflow analysis accurately. Peak-streamflow frequency analysis assumes a random sampling of a stable popu lation of annual peak streamflows. If that population is not stable (that is, mean and standard deviations are not constant), it may be necessary to adjust the peak-streamflow data to obtain the best-fit peak-streamflow frequency analysis. However, the persistence of trends must be considered also.
REGRESSION EQUATIONS FOR ESTIMATION OF PEAK-STREAMFLOW FREQUENCIES AT UNGAGED SITES ON UNREGULATED, RURAL STREAMS

Regression Analysis
Although information concerning peak-streamflow frequencies is available at many streamflow gaging-station locations in Kansas, often such information is needed at stream sites where insuffi cient or no data are available. Generalization of the peak-streamflow frequency information at gaging sta tions will facilitate estimates at ungaged sites. Multi ple-regression analysis was used in this study to relate the peak streamflow at selected frequency intervals to various physical and climatic characteristics.
Research by Tasker and Stedinger (1989) indicates that generalized least squares (GLS) is appropriate for hydrologic regression. GLS regression takes into con sideration the time-sampling error (length of record at each site) and the cross correlation of annual peak streamflows between sites.
The GLS regression model in this study used base-10 logarithmic transformation for both dependent and independent variables. The form of the model equation is: log 10 Q t =log 10 a + b 1 log 10 X 1 + b 2 log 10 X 2 ....+ b n log 10 X n ,
which is equivalent to:
where Q t is peak discharge for recurrence interval t, in years (dependent variable); X 1 -X n are physical and climatic characteristics (independent variables); a is the regression constant; and b 1 -b n are the regression coefficients.
Selected Physical and Climatic Characteristics
The independent variables tested in the regression analysis were physical and climatic characteristics of each drainage basin. Initially, eight physical and cli matic characteristics were tested: contributingdrainage area (CDA), mean annual precipitation (P), soil permeability (S), latitude and longitude, main channel length, main channel slope (Sl), basin slope, basin shape, and basin elevation.
In previous peak-streamflow frequency studies for Kansas, characteristics describing the physiography and climate of each drainage basin were calculated using rough approximations with paper maps. Depending on the scale of the map or the techniques used to calculate the characteristic, a variety of errors could occur. Some physical characteristics that possi bly could improve the regression estimates were nearly impossible to calculate and either were esti mated or ignored for the analysis.
For this study, ARC/INFO geographical informa tion systems (GIS) software was used to estimate physical and climatic characteristics. Many spatialdata sets were available for this task, including:
(1) 30-m gridded elevation data (U.S. Geological Sur vey, 1998) for determining the drainage-basin bound ary, contributing-drainage area, basin slope, and mean basin elevation, (2) STATSGO soil-permeability data (U.S. Department of Agriculture, 1994), and (3) 30-year (1961-90) mean annual precipitation data (Daly and others, 1997). Drainage boundaries were determined using GIS for all 253 gaging stations used in the report. The drainage boundaries and the spatialdata sets just mentioned were used to calculate average physical and climatic characteristics for each basin (table 3) .
Regression analysis relies on the assumption that independent variables are not closely interrelated. Vio lation of this rule generally results in regression coeffi cients that are unstable, and it becomes difficult to evaluate the interrelated variables' importance to the respective equations. Therefore, a simple cross-corre lation matrix was computed for all independent vari ables and was used in the analysis to identify variables that might pose problems if included in the same anal ysis. Pairs of variables having correlation coefficients greater than 0.8 were considered closely interrelated, were evaluated further in the initial analysis, and only the more significant variable of the pair was included in the final analysis.
The ability of a regression equation to reliably estimate the peak streamflow having selected recur rence intervals at ungaged sites is measured by the error of prediction. The error of prediction is the mea- 
CDA
Contributing-drainage area upstream from the streamflow-gaging station that contributes directly to the streamflow, in square miles.
P
Mean annual precipitation for the entire basin, in inches.
Sl
Slope of the main channel, in feet per mile, as measured by dividing the difference in elevation at points in the channel at 10 and 85 percent of the main channel length by the intervening main channel length.
S
Average soil permeability for the entire basin, in inches per hour.
sure of confidence in the estimated peak streamflow and describes the range within which an estimate would occur two-thirds of the time. Computed in loga rithmic units, the RMSE, or the error of prediction, can be expressed as a percentage as shown in Hardison (1971) . The percentages are unequal in the positive and negative directions. For example, the standard error of estimate of 0.17 logarithmic units represents errors of +48 and -32 percent; the average of the two percentages without regard to sign is 40 percent.
Regression Equation Results
Regression analysis was performed, and equations were developed for peak streamflow having recurrence intervals of 2, 5, 10, 25, 50, 100, and 200 years. The independent variables that most contribute to the explanation of the variance in the dependent variable (the peak streamflow) were CDA, P, Sl, and S. Table 4 gives the equations, the errors of prediction, and the equivalent years of record for each recurrence interval.
Attempts were made to improve the error of prediction for the regression equations by developing regional equations for smaller parts of the State. The first attempt was to divide the State along 97 o longitude, similar to the division developed by Crippen and Bue (1977) as discussed earlier. Separate equations were developed for the gaging stations in the eastern and western divisions. The prediction error for the equations representing the eastern division decreased slightly, whereas the prediction error for the equations representing the western division increased.
Another attempt to reduce the prediction error was to group gaging stations according to drainage areas. The prediction errors for most of the equations devel oped for various groups tested were greater than the original error of prediction for equations developed from all 253 gaging stations. The best results were achieved when stations with contributing-drainage areas ranging from 30 to 9,100 mi 2 were grouped together. Standard errors of prediction were reduced between 12 and 20 percent from predictions errors using all 253 stations. Standard error of prediction for equations developed for stations with contributingdrainage areas ranging from 0.17 to less than 30 mi 2 were equal to or slightly greater than the standard errors for the equations developed using all the stations. The error of prediction for the most reli able equations ranged from 0.131 (31 percent) for the 10-year recurrence interval in large basins to 0.248 (62 percent) for the 200-year recurrence interval in small basins.
A direct statistical comparison of the equations from Clement (1987) to the equations from the current investigation is not possible because of differing data and groups of gages upon which the equations are based. Clement (1987) developed equations that were based on 218 gaging stations compared to the two groups of 91 and 164 gaging stations used in the current investigation. A review of the standard error of prediction of the equations indicates the errors in the 1987 study are generally about 15 percent less than those of the current investigation. However, separate regression analysis (not included in this report) was done using (1) peak streamflow record through 1903 for 237 gaging stations, (2) the same basin characteris tics as in this investigation, and (3) the same drainagearea grouping as described in this investigation. The standard errors of prediction of the resulting equations are about 13 percent greater than those for the equa tions presented in this report.
Hardison (1971) related prediction error and streamflow variability to equivalent years of record. The equivalent years of record is the number of years of streamflow record necessary to provide an estimate equal in accuracy to the regression equation. The accuracy of the regression equations for unregulated, rural streams, expressed in average equivalent years of record, is summarized in table 4.
Use of Regression Equations
The GLS regression equations shown in table 4 may be used to estimate the peak streamflow for spe cific recurrence intervals (frequencies) at ungaged sites by determining the values of the physical and cli matic characteristics relative to the site and substitut ing the values into the respective equations. The values for contributing-drainage area (CDA) can be determined from digital data using GIS or paper topo graphic maps. The values for mean annual precipita tion (P) and soil permeability (S) can be determined from digital data using GIS or from figures 2 or 3. Both P and S are areal averages for the entire drainage area. Main channel slope (Sl) can be measured and calculated from topographic maps.
The equations shown in table 4 were developed using data from streams located in rural basins, whose contributing-drainage areas ranged from 0.17 to 9,100 mi 2 , during periods of record when flows were unregulated. Therefore, the equations should not be used to estimate peak streamflow if the watershed is not predominately rural, if the contributing-drainage area is smaller than 0.17 mi 2 or larger than 9,100 mi 2 , or if streamflow is affected by regulation.
SUMMARY
Estimates of peak streamflow for selected frequen cies were computed by using observed annual peak streamflow data collected through the 1997 water year for streamflow-gaging stations located on unregulated rural streams in Kansas with 10 or more years of record. Log-Pearson Type III distributions were fitted to the observed annual peak-streamflow data for each streamflow-gaging station by using techniques recom mended by the Interagency Committee on Water Data. Peak streamflows for 2-, 5-, 10-, 25-, 50-, 100-, and 200-year recurrence intervals were calculated.
A weighted least-squares (WLS) regression model was used to estimate a generalized skew coefficient for all the stations in this analysis. The WLS regression model used station skew coefficients computed from 253 streamflow-gaging-station records in Kansas as the dependent variable and several physical and cli matic characteristics for each station as independent (predictor) variables in a regression equation. The root-mean-square error (RMSE) for this equation (0.19) decreased from a RMSE of 0.35 for a previ ously developed equation.
Regression equations then were developed to com pute peak streamflows for ungaged sites at selected recurrence intervals by using generalized least-square regression to relate peak streamflow at gaging stations to physical and climatic characteristics. The significant independent variables in the regression equations were contributing-drainage area, mean annual precipita tion, average soil permeability, and slope of the main channel. Standard error of prediction did not improve when the State was divided into eastern and western areas. The standard error of prediction for the regres sion equations was smallest when the group of 253 streamflow-gaging stations was divided into two groups on the basis of contributing-drainage area. Standard error of prediction for equations developed for stations with contributing-drainage areas greater than 0.17 and less than 30 mi 2 were equal to or slightly greater than the standard errors for the equations developed using all the stations. Standard errors of prediction for equations developed for stations with contributing-drainage areas between 30 and 9,100 mi 2 were reduced between 12 and 20 percent from predic tions errors using all 253 stations. The errors of prediction for all the generated equations ranged from 31 to 62 percent. Clement, R.W., 1987, Floods in 
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